Short Message Service (SMS) is one of the most widely used data services worldwide. This paper examines the assumption that the 160 character limit would force brief and thus comparatively uninformative responses in psychological research compared to other data collection modes. In laboratory classes, 463 psychology undergraduate students were randomly assigned to complete a two-item questionnaire by SMS, email, online survey, or paper survey. Two weeks later, participants completed a multiple-choice self-report risk taking questionnaire on paper. While SMS response lengths were statistically significantly shorter than those yielded in other modes, they did not contain less information. unprecedented opportunities for researchers to communicate with participants wherever they may be, at any time of day (Haller, Sanci, Sawyer, Coffey, & Patton, 2006) . SMS is an attractive option as commercial bulk text services make bidirectional SMS communication with large groups increasingly affordable (Steeh, Buskirk, & Callegaro, 2007) . It is also pragmatically feasible as many of these services offer automatic response aggregation just as online survey services do, which avoids the cost and potential for error incumbent in data entry from modes such as paper responses (Johansen & Wedderkopp, 2010; Tomlinson et al., 2009 ). SMS constitutes an exciting opportunity for real-time, bidirectional communication between researchers and participants, however there is limited rigorous, methodical examination of its properties as a tool for psychological research (Cocco & Tuzzi, 2012; Tomlinson et al., 2009) . Just as aspects of questionnaires other than their psychological content can impact on participant responses (e.g. question wording), the mode used in psychological research can impact on how participants engage with and respond to a questionnaire (Cocco & Tuzzi, 2012; Dillman, Smyth, & Christian, 2009; Kelly, 2002; Lynn & Kaminska, 2012) . One important issue is whether SMS gathers less useful information than other modes. The character length restriction and cost of each SMS may limit the number of questions a researcher may ask, as well as length of responses. The two are interrelated because of the character limit of SMS, as more questions leave less room for responses to each question. In the interests of parsimony the current paper will focus on response length when the number of questions asked are fixed.
One of the most widely used data services worldwide (Kuntsche & Robert, 2009), 36.3 billion Short Message Service (SMS) were sent in 2011 in Australia (ACMA, 2011). As mobile telephones are ubiquitous (Anhoj & Moldrup, 2009) , and their SMS capabilities are used daily by the majority of people (Mackay & Weidlich, 2009) , they provide unprecedented opportunities for researchers to communicate with participants wherever they may be, at any time of day (Haller, Sanci, Sawyer, Coffey, & Patton, 2006) . SMS is an attractive option as commercial bulk text services make bidirectional SMS communication with large groups increasingly affordable (Steeh, Buskirk, & Callegaro, 2007) . It is also pragmatically feasible as many of these services offer automatic response aggregation just as online survey services do, which avoids the cost and potential for error incumbent in data entry from modes such as paper responses (Johansen & Wedderkopp, 2010; Tomlinson et al., 2009 ). SMS constitutes an exciting opportunity for real-time, bidirectional communication between researchers and participants, however there is limited rigorous, methodical examination of its properties as a tool for psychological research (Cocco & Tuzzi, 2012; Tomlinson et al., 2009) . Just as aspects of questionnaires other than their psychological content can impact on participant responses (e.g. question wording), the mode used in psychological research can impact on how participants engage with and respond to a questionnaire (Cocco & Tuzzi, 2012; Dillman, Smyth, & Christian, 2009; Kelly, 2002; Lynn & Kaminska, 2012) . One important issue is whether SMS gathers less useful information than other modes. The character length restriction and cost of each SMS may limit the number of questions a researcher may ask, as well as length of responses. The two are interrelated because of the character limit of SMS, as more questions leave less room for responses to each question. In the interests of parsimony the current paper will focus on response length when the number of questions asked are fixed.
Open-ended questions do not have a pre-defined response set, such as yes / no or numbers in Likert-type scales, leaving the participant free to respond however they see fit.
When constructing an open-ended question, the researcher should consider the length of response that they wish participants to give. This is related to pragmatic concerns, as shorter answers tend to be easier to categorise and can be more quickly analysed, while longer answers can provide more in-depth information by allowing participants more space to express their response. While there is some research regarding response length in the context of traditional data collection modes such as paper or online surveys (Kelly, Harper, & Landau, 2008) , guidelines that apply to those modes do not necessarily translate well to SMS. In paper and online surveys, the amount of space afforded to the participant to answer the question can act as a subtle cue of researcher intent (Dillman et al., 2009 ). The amount of space allowed for responses is easily altered through adding carriage returns on paper surveys, and most online survey services offer at least rudimentary control over the size of text boxes intended for open-ended responses. However, no such control can be offered by SMS.
SMS sent in everyday life may be an indicator of what length may be expected from open-ended questions sent via SMS. Two often mentioned reasons for brevity in SMS are the character limit, and the social use of abbreviations (Doring, 2002) . While it may be intuitively expected that the 160 character limit of SMS might foster brief responses, most mobile networks offer seamless stitching of multiple SMS into a single message (linked SMS) making this limit less salient to individuals sending SMS. Whether on an 'unlimited' or fixed credit plan, in everyday SMS usage, people do not keep track of the length of their SMS messages (Battestini, Setlur, & Sohn, 2010) , suggesting they do not actively attempt to minimise conversations to fit in a single text. Frehner and Lang (2008) found every day, unlinked SMS communication was under the 160 character limit, with an average of approximately 20 words, or 97 characters. Linked SMS, however, were longer, containing an average of approximately 50 words, or 280 characters. The longest linked SMS in the corpus was 94 words, or 485 characters. It should be noted that 485 characters is not neatly divisible by 160, indeed only six characters less would have made the linked message the equivalence in cost to three individual messages, rather than four. This suggests that people may not be paying attention to the character limits of their messages to minimise costs. To place these message lengths in context, email messages within the same corpus were an average of 131 words, containing up to 1192 characters. Cocco and Tuzzi (2012) proposed that of SMS and face-to-face interview data are similar as SMS engenders a 'virtual presence' of the researcher, resulting in interview and SMS data involving a similar social, synchronous, bidirectional element to communication between the researcher and participant, which is lacking in other research modes such as online or paper surveys. Indeed, the main reason for sending an SMS is for social contact (Battestini et al., 2010; Polite, 2001) . In a general social usage it is not the content of the message, but the gesture of sending the message that is important (Frehner & Lang, 2008) . In these contexts, the message content tends to be more conversational and thus less structured and briefer (Cocco & Tuzzi, 2012) , but are not necessarily less informative. This, coupled with the greater difficulty of typing SMS than typing at a computer, fosters the frequent sending of short SMS, which may often consist of single words. A word is defined in the current study as any string separated by spaces, which includes isolated numerals as words, and the substitution of numbers for words. This substitution is expected in SMS communication, as writing numeric values as numbers uses fewer characters than spelling them out, i.e. "21" in comparison to "twenty one", shortening the overall length of the message. Given the proliferation of this abbreviated text speak (Power, Power, & Horstmanshof, 2007) , it may be expected that responses to open ended questions given via SMS will contain significantly shorter words than other modes, having the effect of shortening the length of a message in terms of characters, but not in terms of the number of words used. Alternately, if text speak abbreviation is not used, the converse may be true. The Menzerath-Altmann law, a general principle of the structure of language, states that the longer a language construct, for example a sentence, the shorter its constituents, for example words within a sentence (Altmann, Grzybek, Naumann & Vulanovic, 2012) . This would lead to the expectation that the overall shortness of an SMS should be associated with the usage of significantly longer words than other modes. Empirical evidence specific to the context of SMS used as a tool to collect research data will help to clarify which of these expectations would be met in an applied research setting.
The question remains whether a shorter response in terms of characters would necessarily be associated with less informative contents. If response lengths across modes are vastly different, it is reasonable to assume the longer responses will contain more useful information. If response lengths are similar, however, the difference in informational content may be more subtle. There is some evidence that amount of information contained in a language construct can depend on its mode of production, once the response length is controlled for. For example, oral narratives tend to be longer but contain less information than written narratives (Ravid & Berman, 2006) . Basic expectations of how much information a mode can provide are vital to informing research design in general. These issues are particularly important for a mode with inherent limitations, such as SMS. As the possibilities of SMS as a tool for data collection become apparent, and researcher interest is increasing due to its ubiquity and convenience, this is an opportune time to explore the mode's properties. The aim of this study was to ascertain the comparative response length and informative content within a single measure open-ended SMS question in the context of other modes used for psychological research.
Specifically, it explored the impact of mode on open-ended response length (operationalized as number of words, average length of words, and number of characters in total) and amount of information presented within that response (operationalised as the number of points raised by participants, and the difference between height and risk-taking information given using different modes and information given at follow-up). While it expected that character limit considerations of SMS that will produce the shortest answers, it is not clear whether SMS responses will contain less information than other modes.
Method
Four hundred and sixty three psychology students (228 female, 151 male, 84 unspecified gender) aged 16 -55 (M=20) answered two questionnaires during laboratory classes. An undergraduate sample was used for two primary reasons. Firstly, and most importantly, undergraduate students are one of the largest participant pools used in non-clinical psychological research (Wintre, North, & Sugar, 2001) . It is therefore logical evaluations of a research mode should focus on this particular sample group. Secondly, this allowed for the context of participation to be held consistent across all participants, regardless of conditions. Given the importance of considering context when comparing mode-based response properties (Lynn & Kaminska, 2012) , all participants completed the measures in the same room, during their introductory psychology course weekly tutorials. Because the focus of the current study is the effect of the mode, rather than the role of distraction, it was important to control for environmental variables that may differ between modes, as individuals participating via SMS in a naturalistic setting are more likely to be in public places, and thus have a more disrupted engagement with the questionnaire.
Factors likely to impact on social desirability such as the presence of the researcher (Wilkerson & Martin, 2002) , the task introduction and instructions were kept constant across groups, and responses were rendered anonymous by matching across questionnaires using a unique ID code drawn from personally relevant, invariant questions (e.g. the second letter of their first name).
At time 1, participants were randomly assigned to complete the first questionnaire by SMS, email, online survey, or paper survey. To ensure all four modes conditions received the questionnaire at the same time, participants in the SMS and email condition provided their email addresses or telephone numbers, with the instructions not to check for incoming messages until the tutorial group was relocated to a computer laboratory. Regardless of mode response, all participants were moved to the same computer laboratory. Email questionnaires consisted of plain text emails sent from a custom-registered email account, to be checked on provided computers. SMS used the same questionnaire sent via a commercial web-based SMS scheduling and aggregation service, to be checked on the participant's own mobile telephone. Participants in these conditions were asked to enter and submit their responses by replying to these messages. Participants in the online condition were provided with a short URL leading to the survey. Though both online and email responses were completed online, they differed in visual environment; the single large text area of email as opposed to separate text boxes for each question in the online survey. Those in the paper condition were provided with a printed version of the questionnaire on a single A4 page. Because the amount of space provided for responses can impact on response length (Dillman et al., 2009) 
Taking a risk can include many things, such as playing dangerous sports, having a poor diet, quitting a job without another to go to, gambling, driving too quickly, or challenging a friend's opinion. Thinking about the past month, what risks have you taken?
At time 2, two weeks later, all participants had their height measured by the researcher, and completed a second questionnaire on paper. Paper was chosen as the comparison mode due to its long history of use in psychological research (Dillman et al., 2009 
Analysis and Results
At time 1, 80 participants answered via email, 109 via online survey, 119 via paper, and 87 via SMS. Responses were first compared in terms of word length, formality and diversity of words used, and then their informational content (correspondence between information contained in open-ended responses, factual information, and subsequent self-report on the same topic).
Data Preparation
Prior to analysis, all variables of interest were screened for outliers (datapoints exceeding the third quartile), normality, and homogeneity of variance. There were no graphic symbols or emoticons present in responses. Though all four hundred and sixty three students participated in the activity, substantially fewer provided data due to absences, illegible or lost responses, and decisions not to consent to having their data used for subsequent analysis. In total, 395 participants completed the open-ended response at time 1, and 304 completed the questionnaires at both time 1 and 2. Analyses were conducted with and without outliers omitted, and with and without controlling for demographic variables of age and gender.
Because conclusions were not affected they were included in final analyses.
Significant positive skewness was revealed in all variables of interest by ShapiroWilk and D'Agostino tests, and was corrected for by iteratively raising data to a power of .001 increments until skewness was no longer significant. Once variables were transformed to correct for skewness, screening for homoscedasticity using the Fligner-Killeen test of Homogeneity of Variances revealed non-significant heteroscadicity in all variables of interest, indicating suitability of these data for ANOVA. To check that the transformation did not distort conclusions, non-parametric Kruskal-Wallis rank sum tests were carried out with the same variables as the ANOVA, using the untransformed data. These results are not reported, as they were closely in line with results from ANOVA performed on the transformed data. One-way between subjects ANOVA were conducted to compare the effect of measurement mode (online, email, SMS or paper) on the total length of responses (in characters) at time 1. As expected, the effect of mode on number of characters used was small and significant, though the effect size was very small F(3,381) = 4.91, p=.002, partial η 2 =0.04. Comparing across modes, SMS had the fewest characters, followed by email, and paper, while online had the most characters ( (Grzybek,Stadlober, & Emmerich, 2007) .
Response length
Mode was responsible for 3% of the variance in the length of words used in responses. Posthoc comparison by way of Tukey's HSD indicated that paper responses had significantly shorter words than email responses (p=0.04).
The effect of mode on the average number of words used in responses was pragmatically small (on the order of five words), but significant, F(3,381) = 7.46, p<.001, partial η 2 =0.06. Comparing across modes, SMS had the fewest words, followed by email, and paper, while online had the most words (table 1) . Mode was responsible for 6% of the variance in the number of words used in responses. As with the effect of mode on number of characters used, Post-hoc comparison by way of Tukey's HSD indicated that SMS responses had significantly fewer words than online (p<.001) and paper (p=.003) responses. Taken together, these results suggest that SMS responses were shorter overall due to the use of fewer words than other modes, rather than the use of shorter words. The textual content of the open-ended responses can also be thought of in terms of the variety in the vocabulary used. The more frequently the same words are used, the more limited the vocabulary (Köhler, Altmann & Piotrowski,2005) . This can be measured in terms of the vocabulary size, the number of unique words used in a response, or the token-type ratio, which is the weighted range of vocabulary for number of words in the text being analysed.
Formality and diversity of words used
However, the token-type ratio is highly dependent on the length of text, and given the shortness of responses in the current study (averaging less than 150 characters) is therefore a potentially flawed measure of lexical richness (Tweedie & Baayen, 1998; Popescu, 2009 ).
We will therefore also examine the text in terms of Yule's K, which is a length-independent measure of the diversity of the vocabulary (Miranda-Garcia & Calle-Martin, 2006 ).
Both the token-type ratio and Yule's K were calculated for each open-ended response.
As can be seen in Table 1 , both statistics were similar across modes. ANOVA confirmed a lack of significant difference each of these statistics; neither token-type ratio nor Yule's K significantly differed by mode (F(3,216)= 1.637, p=.182, partial η 2 =.02 and F(3,216)= 1.018, p=.385, partial η 2 =.014 respectively). This suggests that mode did not impact specifically on the diversity of the vocabulary used.
Informational Content
The effect of mode on the accuracy of responses as measured by the difference between reported height at time 1, and measured height at time 2 was not significant, F ( In accordance with the Menzareth-Altmann law, the shorter overall total length in terms of characters of SMS responses was reflected in longer average word lengths than the other three modes. Both online and paper responses had the opposite tendency of longer responses overall, but shorter constituent words. It is unlikely that the 160 character limit of SMS is driving this use of fewer words, as all four modes had an average response length of less than 160 characters. As SMS responses did not contain significantly more substitutions or reductions than the other modes, neither is it due to the use of numeric phonological substitution discussed in Power et al. (2007) . Given that mode did not impact on the tokentype ratio, it does not appear that SMS has fewer words due to less redundancy.
Though responses were longer than those yielded by SMS, the pattern of response lengths in terms of characters, number of words, and word length for email was far more similar to SMS than online or paper responses. Considering the shape of the distribution of response length in characters, SMS and email had a similar shape of clearly positively skewed distributions bulging about median responses, though the bulge was more extreme for SMS, while paper and online responses had far more diffuse, almost bimodal response length distributions. Cocco and Tuzzi (2012) 's allusion to SMS engendering 'virtual presence' of the researcher may be considered and applied here, as the similarity of SMS and email responses in the current study may be due to the social aspect of use of those modes of communication.
SMS and email may be conceptually grouped as modes typically used for bidirectional social communication, while paper and online responses are unidirectional modes generally not encountered in social circumstances. SMS and email may share the social rather than informational motive for use, where the fact the message was sent is more important than its content (Frehner & Lang, 2008) , and the message content tends to be briefer (Cocco & Tuzzi, 2012) , even if informal language such as text speak was not used. The lack of text speak in SMS responses in the current study may be an artefact of the formality of responding in a teaching laboratory context.
As the first step in examining the impact of SMS as a data collection mode on response length and informational content, this study made a number of somewhat arbitrary choices. Firstly, the operationalization of informational content was not ideal. correspondence between an open-ended question, and later multiple-choice question is not
ideal. There are individual differences in response behaviour to particular question types, for example culturally-based polarisation in Likert responses (Heine, Lehman, Peng & Greenholtz, 2002) . Further, the time between measures may have allowed more risk taking to occur. Given the random assignment of participants to different mode response conditions, it is likely that these problems would have added noise to the data rather than systematically bias conclusions. This noise may have contributed to mode explaining only a small amount of variance in response length. Additional unmeasured variables that impact on verbosity, such as personality traits (Mairesse, Walker, Mehl & Moore, 2007) , or verbal fluency (Gold & Arbuckle, 1995) , may have added further noise to the data.
The choice to conduct the current study in a teaching laboratory context is both a strength and a weakness. Environmental effects such as being in a hurry when receiving SMS, having to search for an email in an overfull inbox, having to configure a browser to correctly load an online survey, and having to find a lost paper survey were controlled for by having all participants complete the questionnaire in a standardized environment and timeframe. This yielded a clearer comparison of the impact of mode alone on response length and informative content, in particular controlling for time pressure, but removes opportunity to examine whether time pressure, the formality of the response situation, or other environmental factors may further modify the response length to research conducted via SMS in a real-world research setting. A related concern is that participants in the email condition were constrained to responding using computers, whereas in everyday life they may respond to emails using their smartphones. This highlights the importance of considering the amount of space provided for answers by response mode, as the ability to use smart phones to respond to both emails and SMS may make the two modes more similar in a real-world setting than they were in the current study. This limits the ability to draw clear conclusions about email as a mode.
Acquiescence, resulting in demand effects, is important to consider when exploring the impact of mode on response properties (Kelly et al., 2008) . Participants were aware from the outset that the focus of the researcher was the usefulness of SMS as a tool for research,
and that across modes their responses would be screened for a number of indicators of response quality. Though response length and amount of information conveyed was not explicitly mentioned, participants may have provided longer or more detailed responses due to perceived demand characteristics than they otherwise would have offered, particularly in the SMS condition given the focus of the researcher.
Because the focus was on cross-modal comparison, this study explored response length with a relatively arbitrary set of five questions. Doing so limits generalizability, but opens avenues for further investigation seeking to focus specifically on SMS. In terms of the SMS character limit, there was scope for the researcher to send more questions. The relatively short responses demonstrated scope for participants to provide more answers.
Pragmatically speaking, the more questions there are, the less space there is for participants to respond to each. The nature of questions also come into play, as more complex questions require more complex explanations (thus limiting how many the researcher may send), and more detailed answers (thus limiting how long responses will be). Note. The vertical axis of the upper plot has been truncated at 20cm for readability. There are 4 outliers in email condition, and 4 in online conditions extending up to 70cm. Note. This summary is drawn from all responses at time 1, n = 385. Note. ** = significant at α =0.001
